Chromosome breakpoints near CpG islands in double minutes.
Double minute chromosomes (DMs) are the principal genetic vehicles for amplifying oncogenes in human tumors and drug resistance genes in cultured mouse cells. Mouse EMT-6 cells resistant to methotrexate (MTX) generally contain circular DMs, approximately 1 megabase (Mb) in size, that amplify the dihydrofolate reductase (DHFR) gene. The 1 Mb DMs generally have CpG islands located 500 kb upstream of the DHFR gene. The purpose of this study was to determine the relationship between CpG islands and chromosomal breakpoints giving rise to the DM. We show that EMT-6 cells growing in very low levels of MTX that do not yet contain the 1 Mb DHFR-amplifying DM, develop a NotI/EagI site 500 kb upstream of the DHFR gene. This NotI site is close to, if not identical with, one of the chromosomal breakpoints giving rise to the DM. We show that 500 kb of DM DNA from upstream of the DHFR gene is derived from 500 kb of chromosomal DNA upstream of the chromosomal DHFR gene. The downstream breakpoint maps to a region approximately 200 kb downstream of the DHFR gene near a chromosomal SstII/EagI site. Therefore, approximately 700 kb of DM DNA was derived from the genomic region surrounding the DHFR gene. To confirm the organization of the DM DNA, we isolated DNA probes from the 1 Mb DM. Using pulsed field gel electrophoresis and Southern hybridization, we determined the approximate location of each probe with respect to the CpG island in both the DM and the chromosome. Approximately 300 kb of chimeric DNA from a region unrelated to the DHFR gene was incorporated during DM formation. Implications for the mechanism of DM formation are discussed.